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A PRELIMINARYINVESTIGATIONOFTHEPRESSURERECOVERYOF

SEVERALTWO-DIMENSIONALSUPERSONIC

ATA MACHNUMBEROF2.01

BY RaymondJ. Comenzo

.

A preliminaryinvestigationof severaltwo-dimensionalsupersonic
inletconfigurationshasbeenconductedat theLangleyAeronautical
Laboratoryat a Machnuniberof2.01andan angleof attackof OO. Two
inletssimilarin supersonicdiffuserdesignbutonehavinga sribsonic
diffuserapproximatelyequaltoone-halfthelengthof theotherwere
alsoinvestigated.Variablegeometrywasincorporatedinthedesign
ina attemptto obtainhighvaluesof total-pressurerecovery.

Maximumvaluesof total-pressurerecoveryof 0.88and0.83 were
obtainedforinletsdesignedforMachnumbersof 2.0and2.5jrespec-
tively.A ~-percentdecreasein snibsonicdiffuserlengthdecreased
themaximumpressurerecoveryapproximately10percent.Shadowgraphs
indicatedextensiveboundary-layerseparationforthecaseofmaximum
pressurerecoveries.

various
belowa Wch
decelerating

INTRODUCTION

&pes of supersonicinletshavebeeninvestigatedatand
rnmiberof2.0to determinetherelativeadvantagesof
thefree-streamairhy meansof a normalshockwavealone

(ref.1)orby meansofa conicalor two-dimensionalobliqueshockwave
inconjunctionwitha normalshockwave(refs.2 to 4). Thisreport
presentsthepressure-recoveryresultsobtainedfroma preliminary
investigationof severaltwo-dimensionalsupersonicinletswhichutilized
a combinationof obliqueandnormalshockwavesto deceleratetheflow.
Theinletstestedappearedpromisingfromtheoreticalcalculations.In
addition,a methodof obtaininga short-lengthsubsonicdiffuserwasalso
investigated.Thetwo-dtiensionalinletdesignconsistsof twowedges
stagger=dwithrespectto eachotherandis s~owninfigure1. ~ =rder
toobtainhighvaluesofpressurerecove~jvsriablege&netryis
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incorporatedinthedesign.Variablegeometryisattainedby allowing
oneofthewedgestobe nmvableina mannersinrilsrto a controlsurface.

●

Theinletsweretestedata Machn~er of 2.01sndat anangleof
attackof OO. Dataincludetotal-pressurerecoveryandshadowgraphs
foreachmodelinvestigated.

. Theinletsweredesignedandthetestprogramwasconductedatthe
LangleyLaboratoryunderthesupervisionofDr.AntonioFerriin1948.
Becauseofthepressofmoreurgentwork,processingandpublicationof
theresultshavebeendelayed.
of inlethasmadeitdesirable
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‘Recentincreasedinterestinthistype
topublishtheresultsatthistime.

SYMBOLS .

free-streamMachrnnnber

desigpMachnumber

Machmmiber

angleof stationarywedge,deg

anglemadebysurfaceofmovableflap,nearerthestationary
wedge,withrespecttofree-stresmdirection,(outward
deflectionofflappositive),deg

E/~ total-pressure-recovery ratio

MODELSANDTESTS

Theinvestigationwasmadeina blowdownjetby usinglow-humidity
airfromlsxgepressurizedtanks.TheReynoldsnumberofthisinvesti-

gationis2.6x 106perinch.

Models.-Themodelsconsistedof a movableflap,stationarywedge,
andsubsonicdiffuseras showninfigure.1.Thenmvableflapwasmanually
actuatedandrenmtelycontrolledfroma locationnearthethrottlingvalve
forconvenienceof operation.Thestationarywedgecouldbechsngedby
replacementof theentirewedge.Thesubsonicdiffuserforthemodels
presentedinfigure1 consistedofupper-andlowersurfacesdivergingat
a totalangleof 60mountedbetweenpara~elsidewallssndincludeda .-.—

●

“
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longminimumsectionfornormal-shockstabilization.Thewidthof the
ductwasconstantforall.theinletsinvestigated.

Theboundarylayeron thenozzlesidewallswasremovedby decreasing
thewidthof thenozzleblocksfrom3 to 2 inches,as indicatedinfig-
urel(c). A photographofmodelIAis presentedas figurel(d). An
assemblydrawingof theshort-lengthdiffuserwithbladesandsidewalJ_s
isshownin figure2. Theshort-lengthdiffuserhada divergenceangle
of 12°betweentheupperandlowersurfaces;thus,theoverallinlet
lengthwasdecreasedto approxhatelyone-halfthatof figurel(a).
Thesubsonicareadistributionsof allmodelsinvestigatedareshown
infigure3.

Testprocedure.-Thetestswereconductedinthefollowingmanner:

(1)Thetunnelwasstartedwiththemovsbleflapdeflectedat a
highpositiveangleto insurethattheinletdidnotstart.Elheflap
@e wasthendecreaseduntiltheinletstarted.Thisconditionindi-
catedthemsximmmcontractionratioinwhichtheinletwouldstartin
thefixed-geometrycondition.A checkwasmadeon thiscontraction
ratioby statingthetunnelwiththeflapinthepositionthusobtainedj
andin allinstancestheinletstarted.

(2)Datawerethenobtainedforflapanglesmorenegativethanthat
indicatedin condition(1).

(3)DatafortheinletoperatingW thevariable-geometqcondi-
tion(flapanglegreaterthanthatof condition(1)wereobtainedin
thefollowingmanner:Thetestwasstartedwiththeflapintheposi-
tionobtainedfromcondition(1),theflapdetiationwasincreased,and
ateachflapposition,maximumpressure-recoverydataweretaken.This
procedurewascontinuedduringtherunsuntilthemaximumflap~si-
tionatwhichtheinletwouldoperatewasattained.Owingto a limited
airsupplyandthenecesssryrapidcoordinationof flappositionand
throttlingvalve,someuncertain~existsinboththemsximum-pressure-
recoveryvalveandthemaxinmmflapposition.Theabovedotitsapply,
of course,onlyto operationat flapanglesabovethatof condition(1).

Measurements.-Seventotal-pressurettiesandtwostatic-pressure
tubes(indicatedinfig.l(c))wereusedattherearof thediffuserof
theinletin a regionof lowveloci~. Thepressuremeasurementswere
recordedon gagesandthetotal-pressurerecoverywasarithmetically
averagedbecausenomassflowwasmeasured.Thiscalculationofpres-
surerecoverywasalsocheckedby an srea-weightedtechnique.Shadow-
graphsweretakenforW conditionsinvestigated.

.

.
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DISCUSSION

.
Inletdesign.- Thefactthata systemofobliqueshockwavesresults

inlesstotal-pressurelossthana normalshockat saysupersonicMach
numberwastheprimaryconsiderationinthedesignofthisinlet.The
design-shock-wavepatternutilizedinthetwo-dimensionalinletdesigns
presentedhereinis showninfigure4. (Lettersandmmibersusedinthis
sectionreferto itemsinfig.4.) Fora free-streamMachnumberMo,
a wedge(a)producesanobliue shockwave(1)whichmakescontactwith

1thelipofthemovableflap b). Anotherobliqueshockwave(2)pro-
ducedby themovablewedgecoincideswiththesurfaceofwedge(a)at
point(P)(fig.4),andthesurfaceof’wedge(a)isthenmadeparallel
to thefree-streamdirectionfrompoint(P)to thebeginningofthesfi-
sonicdiffuser.Zaorderthattheinletcanoperateproperly,the
obliqueshockwave(2)thatcoincideswithwedge(a)mustbe capableof
beingreflectedfromthesurfaceofwedge(a)atpoint(P).Behindthe
obliqueshockwave(2),(fig.4)wheretheMachnumber(h@)isconsider-
ablylowerthanthefree-stresmMachnumber(l@),thenormalshock(3)
occurs(fig.4). Numerouscombinationsofwedgeanglesandflapdeflec-
tionsareconceivable,andthosetestedarepresentedinfigure~,
althoughtheymaynotnecessarilybe optimum.Inthedesigncondition,
theinletattainslowdragby allotingtheexternalsurfacesofthe
movableflapandstationarywedgetobe parallelto thefree-stream
direction.

InletslAand2C (fig.5)wereexactlydesignedforlow-dragand
.

high-pressurerecovery;however,theotherinletswerecompromisedesigns
utilizingtheavailablemodels.Thus,somee~ansionsoccuratthehinge ~
lineswhichwereavoidedininletsl.fland2C.

By maintainingthesupersonicdesignofmodellApresentedinfig-
ure5(a),an attemptwasmadeto shortentheinletby decreasingthe
lengthofthesubsonicdiffusersection.Thisshorteningof theinlet
wasaccomplishedby allo~g thesubsonicdiffusertodivergeat a large
angleon theupperandlowersurfacesof theinletandinsertingtwo
airfoilsattheentranceofthesubsonicfiffuser,as slotiinfigure2.
Theairfoilswerelocatedin sucha mannerthatthesubsonicductarea
increasedgradually.Thecurvedportionswereplacednearertheinlet
surfacesandtheflatsideswerefacingeachother,asindicatedin -
figure2.

.—
Pressurerecovery.-Maxtmumpressure-recoverydataoninletsdesigned

for M = 2.o arermesentedinfimre 6. Themaximumvalueofpressure
recoveryattained~as0.88withm~dellA (fig.6).
figure6 isthemaximumpressure-recoveryvaluesof
diffuser.Thedataindicatethata lossinmaximum
approximately10percentisobtainedwiththeshort

JQSOpresen~edin--
theshort-length
pressurerecoveryof .
diffuserincomptiison

*
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tiththetwo-dimensionaldiffuser(modelIA)havingthesamesupersonic
design.EELisdifferenceinpressurerecoverya~esrslarge;however,
it isbelievedthat,withfurtherexperimentationonthismethodof
obtainingshort-lengthdiffusers,thelossescandecrease.Theshort
verticallines,showninfigures6 and7,indicatetheflapangle
obtainedformaxhmncontractionratiofortheinletoperatingin the
fixed-geometrycondition.

Figure7 presentsmaximumpressure-recoverydataforinletsdesigned
for M = 2.5andtestedat M = 2.01. Themaximumvalueofpressure
recoveryattainedwas0.83formodellE (fig.7).

Shadowgraphs.-Shadowgraphsof allmodelsarepresentedinfig-
ures8 to10. Photographsof fivedifferentinletsarepresentedin
figure8,three(modelsU, IB,andlC)aredesignedfor M = 2.0 and
two(models311andlE)aredesignedfor M = 2.5;however,allwere
testedat M = 2.01 by utilizingthemovableflapanddiffusersection
ofmodel1. ~ figure8,onlythesupersonicportionof theinletswas
enclosedintheglasssectionof thesidewalls.Thefirsttwophoto-
graphsandof eachinletinfigure8 representtheinletoperatingat
differentmovableflapanglesandatbackpressurebelowthatreqpired
formaxhmnnpressurerecovery.Thethirdphotographof eachinletrepre-
sentsthelaststableoperatingconditionof theinlet.mere aretwo
positionsof thenormalshockinwhichtnstabili~occursintheinlets
investigated.Whenthenormalshockislocatedintheminimumsection
or nearthecornerof thestationary-wedgesurface(wherethesurface
chsngesfrom ~ tobeingparallelto thefree-streamdirection,
point (P),fig.3) theshockbecomesunstableandmovesto theldpofthe
nmvableflapsndagainattainsequilibrium.Anyattempttomovethe
shockftiherthsmindicatedintheshadowgraphsoffigure8 (thirdshad-
owgraphsformdels lA,IB,lC,lD,andlE)resultedininletbuzz.
Anotherpointof interestthatis clearlyshownin thesaneshadowgraphs
offigure8 istheseparationofthesidewallboundarylayerthattakes
placeaheadof themovableflap.

Figure9 presentsthreedifferentinletsutilizingthenmvableflap
andsubsonicdiffuserofmodel2. Twooftheinlets(models2B and2A)
sredesi~edfor M = 2.0 andtheother(model2C)isdesignedfor
M = 2.5;however,W theresultsarefor M = 2.01. I& model2, a
portionof thestisonicdiffuserisenclosedintheglasssectionof the
sidewalls.W figure9(a)theshadowgraphsrepresentdifferentpositions
of thenmvsbleflapforinletmodel2E. FiWes 9(b)and9(c)areshad-
owgraphsfortheinletsoperatingat a constantflapangleanddifferent
vsluesofbackpressure.Increasingthebackpressuremovesthenormal
shocknesrertheminimumsectionandhenceincreasesthepressurerecov-
ery. Beingabletoviewwithinthesubsonicdiffuserhasgivensome
insightintothephenomenathatoccurin inletsof thisnatureas the
normalshockismovedintotheminimumsection.As canbe seenin the

w~ -’3—. .——.-+
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firstshadowgraphoffigure9(b),theshockwaveemanatingfromthe
movableflapcoincideswiththelowersurfaceandno separationis
noticeable.EWever,thisshockwavewhenreflectedfromthestation-

● —

wedgeagainmakescontactwiththemovableflapanda slightthickenlqg
oftheboundarylayeron themovsbleflapisnoticeable,as indicated
by thearrow.As thenormalshockisnmvedtowardtheminimumsection
(backpressureincreasing),theseparationthatexistson themovable
flapincreasesandan increaseintheboundsry-layerthicbesson the
stationarywedgeis alsoevident,asindicatedinthesecondshadowgraph
infigure9(b).Thiseffectof increasingboundary-layerthicknesswith
increasingbackpressureisnowclesrlyseeninfigure9(c).As the
normalshockapproachestheminimumsection(fromthedownstreamend,
thebackpressureincreasing),increasedvaluesofpressurerecovery,
theseparationincreaseson thestationarywedge,as indicatedby the
arrowinfigure9(c).

Thisboundary-layerseparationmustalsoexistintheotherinlets;.
however,onlyphotographsofthesubsonicdiffuserportionoftheinlets
presentedinfigures9(b)and9(c)areavailable.Althoughtheonly
separationthatcanbe observedis seento,occurontheinletsurfaces}
itisreasonabletobelievethatsimilarseparationistakingplaceon
theinletsidewalls.!Ihus,itappearsthatseparationisa causeof the
reducedtotal-pressurerecoveriesascomparedwiththetheoreticalvaWes2
particularlybecausethepressurerecoverieswereaveragedon an “area

—

weighted”processratherthanon a mass-flow-weightedprocess.It is
indeedclearthat,inorderto approachthe_theoreticalV~uesofPres- .
surerecovery,somemeansofboundary-lsyercontrolisnecessarysothat
theseparationeffectsareminimized. -. -- — — —.

Figure10presentsshadowgraphsoftheshortdiffuserinletoperating
withlowandhighbackpressureforthesanemovableflapangle.The
primepointsof interestwe thatallthree...channelsinthesubsonic

—

diffusersectionstartedanditwaspossibletobringthenormalshock
totheentranceofthechannels,althoughsomeincreaseinboundary-
layerthicknesson theinletupperandlowersurfacesisnoticeable.
Anyattempttomovethenoml shockfartherintotheminhnumsection
resultedininletbuzz.

J.

Onedisadvsatageof theseinletswiththemovableflapisthat,if
theinletisoperatingina conditionbeyondthemaximumcontraction
ratioandsomethingunforeseenoccurswithinthepropulsionsystemthat
forcesthenormalshockoutaheadofthemovableflap,itwouldbe nec-
essarytomovetheflapinordertorestarttheinletbeforeit canbe
operatedwiththeflapin itsoriginalposition.Sucha motionwould
giveanundesirablyabruptchangeinmassflowandpressurerecovery
attheparticularflightMachnumber.

.

.
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Althoughthistypeof inlethasindicatedsomepromisewithrespect
to attainingworthwhilepressurerecovery,completedataon themassflow,
pressure-recoverydistribution,anddragcharacteristicsthroughtheMach
numberrangeaxereqtiredinorderto obtainsomecomparisonwithother
availableinlets.

gestedinletimprovement.- b thedesignoftheinletspresented,
theinletsurfacesat theminhumsectionweremadeto follotithesame
directionas thefreestresmat a = 00. Therefore,thecompression
wave(emanatingfromthemovableflap)thatcoincidedwiththesurface
of thestationarywedgewasrequiredtobe reflectedsothattheinlet
wouldoperateproperly.l?heoriginaldesignis shownby solidlines
infigureU. Iftheinletsurfacesattheminimmsectionweredesigned
parallelb thedirectionof flowproducedby thecompressionwaveema-
natingfromthelipof thenmvableflap(dottedlines,fig.U.),no
reflectionofthiscompressionwavewouldbe reqtired.Eence,a lower
Machnumbercouldbeobtainedintheminimumsectionwiththenewdesign
thanwiththeoriginaldesign.An improvementofthisnaturemsyincrease
thepressurerecoveryof theinletin additiontopossiblyalleviating
theboundary-lsyerseparation.A changethatmayimprovetheoriginal
inletdesignwouldbeto sweepbackthesidewallscoincidentwiththe
shockwaveemanatingfromthestationarywedge.Thischangewould
decreasetheenteringboundarylayerandpreventanyshock-boundary-
l~er interactionwiththeinitialshockwave.

Anotherimprovementmaybe todesigntheinletsothattheshock—
boundary-lsyerinteractionthattakesplaceon thestationarywedgeis
eliminated.~is designc=be accomplishedbyremovingtheboundary
layeron thestationarywedge(witha bleedsystem);hence,theshock
wave(fromthenmvableflap)couldimpingeon a surfacefreeof the
boundarylsyer.

CONCLUDINGREMARKS

A prelimhmryinvestigationhasbeenmadeof severaltwo-dimensional
supersonicinletconfigurationsat a Machntier of 2.01andan angleof
attackof @. Variablegeometrywasincorporatedinthedesignin an
attemptto obtainhighvaluesof total-pressurerecovery.Twoinlets
similsrin supersonicdiffuserdesignbutonehavinga subsonicdiffuser
approximatelyequalto one-halfthelengthoftheotherwereinvesti-
gated.Thefollowingresultswereobtainedfromthisinvestigation:

1.Forinletsdesignedfora Machntier of2.0,a maxhumvalueof
total-pressurerecoveryof 0.88wasobtained.

w~~
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2.A maximumvalueof total-pressurerecoveryof 0.83wasobtained
forinletsdesignedfora Machumber of2.5. .

3.A ~-percentdecreaseinlengthofthesubsonicdiffuserof the
inletconfigurationthatattainedmaxhxumtotal-pressurerecoveryfora
designMachnumberof2.0resultedina 10-percentdecreaseinmsxhum
total-pressurerecovery.

4. Shadowgraphsoftheforwsrdportionof theinletsindicated
extensiveseparationforthemaximum-pressure-recoverycase;thus,it
appesrsthatboundary-l~ercontrolisnecessaryto a~roachtheoretical
valuesofpressurerecovery.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyFleid,Vs.,March29,1954.
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(Cl)Side-viewPhotograph of model.IA.
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Figure1.- Concluded.
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~ “0” i
Model 1A, 8f =3”

Model IB, 8f=0°

—22”+

~ ‘“’8”-’1 ~
Model IC, ~=4”

(a) M = 2.0.

F@ure 5.- Designshock-wavepatternsandstationary-wedge
alltwo-dimensionalinletsinvestigated.



NACARM L54D14

.

.

Model 2A, 8f=-2°

t
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Model 2B, 8f=3e

(a)Continued.

Figure5.-Continued.
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Model ID, 8f = 4“

Model IE, 8f =7°

Model 2C, 8f *5”

I

(b) ~

Figure5.-

= 2.30.

Concluded.
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L-83636
(a)ModelU. ~=2.O.

Figure 8.- Shadowgayhsof model1. M= 2.01.
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(2)afsl”.

(3)Sf=1°.

(b)ModellB. ~ = 2.0.

Iigure 8.- Continued.

L-83637
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mf=-1: (2) 8f-2°

(3)af= 2°.

(c)ModellC. ~ = 2.0.
L-83638

Figure8.- Continued.
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(3) /Ifs -1.5:

(d)ModelH). ~ = 2.5.

Figure8.. Continued.

L-83639
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f= 2“50

(3}3~s2.5:

(e)ModelU. ~ .2.5.
L-836~o

Figure8.- Concluded.
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(a) Mde12B. ~.2.O.
L-83641

Figure9.- Shadowgraphsofmodel2. M = 2.01. _
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(l) Minimum back pressure. (2) Low back pressure.

(3) High back pressure,

L-83642
(b)Model2A. ~ = 2.0.

Figure9.- Continued.

,.
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(1) Minimum back pressure, (2) Low back pressure.

.

.

.

(3) High back pressure. (41Higher back pressure.

(c) Model2C. ~ = 2.5.
L-83643

—

Figure9.-Concluded.
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Figux

(b)Hi@ backpressure.

‘e10.- Shadowgraphsof shortdiffusermodel.

L-8361J+

M= 2.01.

. .



.-

iw
02

—— ——— ——.

——— .

Figure 11.- !lWO-dimendonal.inlet mxliflcation.
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